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SEMICONDUCTOR DEVICE AND METHOD 
OF FABRICATING SAME 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to a semiconductor device 
and a method of fabricating the same. More particularly, the 
invention relates to a device structure for reducing variations 
in threshold voltage V th of a power semiconductor device 
having an MOS gate with time to stabilize electrical 
characteristics, and a method of fabricating the same. 

2. Description of the Background Art 

FIG. 19 is a fragmentary plan view of a power insulated 
gate bipolar transistor (referred to hereinafter as an IGBT) as 
an example of the conventional semiconductor devices. FIG. 
20 is a cross-sectional view taken along the line XX — XX of 
FIG. 19. 

In FIGS. 19 and 20, the reference numeral 1 designates a 
P" 1 " substrate; 2 designates an N + layer; 3 designates an N~ 
layer; and 4 designates a semiconductor body comprised of 
the P^ substrate 1 the N" 1 " layer 2 and the N" layer 3. 

The reference numeral 5 designates a P* base layer; 6 
designates an N + emitter layer; 7 designates a gate insulating 
film made of silicon oxide; 8 designates a gate electrode of 
polysilicon; 9 designates a gate interconnection line of Al; 
10 designates an emitter electrode; 11 designates guard 
rings; 12 designates a passivation film for isolation between 
the gate electrode 8 and the emitter electrode 10; 13 desig- 
nates an emitter wire bonding region; 14 designates a 
surface protective film of silicon nitride for covering the 
IGBT surface except the emitter wiring bonding region 13 
and a gate bonding pad (not shown) which is a part of the 
gate interconnection line 8; 15 designates a channel stopper; 
16 designates a silicon oxide film; 17 designates a polysili- 
con film; 18 designates a passivation film; and 19 designates 
a collector electrode. 

FIG, 21 is a flow chart of the fabrication process of the 
conventional IGBT. 

Referring to FIG. 21, the semiconductor body 4 is initially 
formed, and the P"*" base layer 5, and P wells, P* layers 
serving as the guard rings 11 are formed in the surface of the 
N~ layer 3 of the semiconductor body 4. The gate insulating 
film 7 of silicon oxide is formed on the surface of the P* base 
layer 5, and a polysilicon film is formed on the surface of the 
gate insulating film 7. Then the N + emitter layer 6 and the 
channel stopper 15 are formed by diffusion, and the passi- 
vation films 12 and 17 are formed. The gate interconnection 
fine 9 and the emitter electrode 10 are formed as Al 
electrodes. Thereafter, the surface protective film 14 is 
formed to cover the IGBT surface except the emitter wire 
bonding region 13 and the gate bonding pad which is a part 
of the gate interconnection fine 9. A silicon nitride film 
serving as the surface protective film 14 is formed by plasma 
CVD process (referred to hereinafter as P-CVD process) at 
a temperature of about 300 to 400° C. in an atmosphere of 
a mixed silane -ammonia gas. Then the IGBT is exposed to 
radiation for lifetime control thereof and is subjected to heat 
treatment at a temperature of 300 to 400° C. to eliminate 
distortion resulting from the radiation. 

The surface protective film 14 is formed for the following 
purposes: (1) to prevent shorting of the emitter electrode 10 
and gate interconnection line due to mechanical scratches, 
(2) to prevent shorting of an aluminum electrode (not 
shown) formed on the guard rings 11 in a peripheral area of 
a chip due to external contamination, and (3) to prevent 
moisture from corroding aluminum thin wires of The device. 
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In the past, oxide films formed by the low pressure CVD 
process (referred to hereinafter as LP-CVD process), such as 
phospho-silicate glass (PSG), have been used as the surface 
protective film of the IGBT. However, silicon nitride films 

5 formed by the P-CVD process have recently been used as the 
surface protective film since the material of the silicon 
nitride films is more air-tight and mechanically stronger as 
a surface protective film than that of the PSG films. In this 
manner, the conventional IGBT is constructed as above 

10 described using the silicon nitride film formed by the 
P-CVD process as the surface protective film and is fabri- 
cated through the above-mentioned fabrication process. 

To evaluate the long-term stability of electrical charac- 
teristics of the IGBT, a HTGB test (high temperature gate 

15 bias test) was performed. The HTGB test is to continuously 
apply a gate signal V GES ~+2Q V or -20 V between the gate 
and emitter, with the emitter and collector grounded, at an 
atmospheric temperature T Q =125° C, to determine the rela- 
tion between a V G£:S voltage application time and variations 

20 in threshold voltage V rt with time. 

FIG. 22 is a graph of the result of the HTGB test made on 
the conventional semiconductor devices. 

The test conditions in FIG, 22 are an atmospheric tem- 
perature Ta«125° C. and V <y£S -±20 V for an IGBT, and an 
atmospheric temperature Ta=150° C. and V GEiS =-30 V for 
an MOSFET. Variations in threshold voltage V lA is repre- 
sented by the percentage of V th variations. 

The MOSFET used herein is constructed such that the P + 

30 substrate is removed from the structure of FIG. 20 and the 
N 4 * layer 2 is replaced with an N* substrate. The fabrication 
process of the MOSFET does not include the radiation and 
the heat treatment for distortion elimination of FIG. 21. 
Referring to FIG. 22, for the IGBT, with V oz ^=*+20 V 

35 applied, the V fA variation percentage is several percent 
which presents no particular problems in terms of long-term 
stability of the electrical characteristics. For the IGBT, with 
Ve^— 20 V applied, V rft decreases with the passage of the 
V G£r<s application time, and the V^ variation percentage 

40 exceeds 10% after an elapse of 1000 hours. In addition, the 
V th variation does not tend to become saturated over 1000 
hours. Thus, the conventional IGBT has been disadvanta- 
geous in long-term stability of the electrical characteristics. 
For the conventional MOSFET, with V O£5 =-30 V 

45 applied, V th decreases with the passage of the \ GJES appli- 
cation time and tends to become saturated after an elapse of 
500 hours, as compared with the IGBT. However, the 
MOSFET exhibits the V A variation percentage reaching 
10%. Thus, the conventional MOSFET has been disadvan- 

50 tageous in long-term stability of the electrical characteris- 
tics. 

The application of a negative voltage V^^ varies the 
threshold voltage V r ^ which in turn is slow in becoming 
saturated, possibly for the reasons to be described below. 

55 The silicon nitride film formed by the P-CVD process 
contains a large amount of hydrogen atoms. For example, 
the number of Si — H chemical bonds in the silicon nitride 
film formed by the P-CVD process is l.OxlO 22 to 1.6xl0 22 
cm" 3 by measurement using FT-IR (Fourier transform infra- 

60 red spectroscopy) technique. The number of Si — H chemical 
bonds in the PSG film is on the order of 0.4x1 0 22 cm" 3 . The 
hydrogen atoms in the silicon nitride film readily migrate 
through the surface protective film 14 of silicon nitride, the 
aluminum electrodes such as the gate interconnection line 9 

65 and emitter electrode 10, the passivation film 17 and the gate 
insulating film 7 of silicon oxide depending upon the atmo- 
spheric temperatures and the polarity and magnitude of the 
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applied voltage to reach a silicon -silicon oxide interface at 
the surface of the semiconductor body 4 without difficulty. 
Dangling bonds at the silicon -silicon oxide interface are 
bonded to hydrogen atoms from the silicon nitride film to 
form Si — H chemical bonds at the silicon-silicon oxide 
interface, resulting in an unstable interface state. It takes 
time to stabilize the interface state, which is considered to 
cause the difficulty in saturating the varying threshold volt- 
age v ,*- 

One of the reasons why such a problem is not encountered 
for the conventional PSG film is considered to be the fact 
that the PSG film contains fewer Si — H chemical bonds and, 
accordingly, fewer hydrogen atoms than the silicon nitride 
film formed by the P-CVD process. 

Further, the radiation for lifetime control of the IGBT 
increases the defects at the silicon-silicon oxide interface to 
accelerate the formation of Si — H bonds at the silicon - 
silicon oxide interface, probably resulting in increased 
variations with time. 

SUMMARY OF THE INVENTION 

According to the present invention, a semiconductor 
device comprises: a first semiconductor layer of a first 
conductivity type having first and second major surfaces; a 
first semiconductor region of a second conductivity type 
formed selectively in the first major surface of the first 
semiconductor layer so that the first semiconductor layer is 
exposed in a peripheral portion of the first major surface and 
the first semiconductor layer is exposed in the form of 
insular regions in a central portion of the first major surface; 
a second semiconductor region of the first conductivity type 
formed in a surface of the first semiconductor region, with 
channel regions provided between the second semiconduc- 
tor region and the insular regions of the first semiconductor 
layer; a gate insulating film formed on a surface of the 
channel regions; a gate formed on the gate insulating film; 
a first main electrode formed over a surface of the gate, with 
an interlayer insulating film therebetween, for covering a 
surface of the second semiconductor region and electrically 
connecled to the second semiconductor region, the first main 
electrode having an end extending to a boundary between 
the peripheral portion of the first major surface and the 
central portion thereof; a second main electrode formed on 
the second major surface of the first semiconductor layer; 
and an integral surface protective film for covering at least 
the peripheral portion of the first major surface other than the 
central portion of the first major surface. 

In the semiconductor device of the present invention, the 
surface protective film is formed only in the peripheral area 
of the device, not in the device area including the channels, 
to reduce the amount of hydrogen atoms migrating to the 
silicon -silicon oxide interface in the cell area, enhancing the 
electrical stability of the semiconductor device. 

Preferably, the semiconductor device further comprises: a 
gate interconnection line formed selectively on the surface 
of the gate, wherein the first main electrode is not formed on 
the surface of the gate on which the gate interconnection line 
is formed, and wherein a trench is formed between the first 
main electrode and the gate interconnection line for electri- 
cal isolation therebetween. 

The provision of the gate interconnection line stabilizes 
the gate potential and the cell switching operation of the 
semiconductor device. 

Preferably, the surface protective film extends from a 
surface of the gate interconnection line through the trench to 
the surface of the first main electrode. 
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The provision of the surface protective film covering the 
trench electrically isolating the gate interconnection line and 
the first main electrode from each other prevents shorting of 
the gate interconnection line and the first main electrode, 

5 increasing a product yield. 

According to another aspect of the present invention, a 
semiconductor device comprises: a first semiconductor layer 
of a first conductivity type having first and second major 
surfaces; a first semiconductor region of a second conduc- 

10 tivity type formed selectively in the first major surface of the 
first semiconductor layer so that the first semiconductor 
layer is exposed in a peripheral portion of the first major 
surface and the first semiconductor layer is exposed in the 
form of insular regions in a central portion of the first major 
surface; a plurality of second semiconductor regions of the 
first conductivity type formed in a surface of the first 
semiconductor region, with channel regions provided 
between the second semiconductor regions and the insular 
regions of the first semiconductor layer; a gate insulating 

2Q film formed on a surface of the channel regions; a gate 
formed on the gate insulating film; a first main electrode 
formed over a surface of the gate, with an interlayer insu- 
lating film therebetween, for covering surfaces of the second 
semiconductor regions and electrically connected to the 

25 second semiconductor regions, the first main electrode hav- 
ing an end extending to a boundary between the peripheral 
portion of the first major surface and the central portion 
thereof; a second main electrode formed on the second 
major surface of the first semiconductor layer; and an 

3Q integral surface protective film for covering at least the 
peripheral portion of the first major surface other than the 
central portion of the first major surface. 

In the semiconductor device of the second aspect of the 
present invention, the plurality of cells increases the device 

35 capacitance. The surface protective film is formed only in 
the peripheral area of the device, not in the device area 
including the channels, to reduce the amount of hydrogen 
atoms migrating to the silicon-silicon oxide interface in the 
cell area, enhancing the electrical stability of the large- 

40 capacitance semiconductor device. 

Preferably, the surface protective film extends from the 
peripheral portion of the first major surface to a surface of 
the first main electrode at the end. 

Since the gate interconnection line is formed to connect 

45 portions of the gate electrode corresponding to the plurality 
of channels, the semiconductor device of the present inven- 
tion provides a stable gate potential if the entire length of the 
gate interconnection line may increase. This provides a 
uniform cell switching operation for the large-capacitance 

50 semiconductor device and a stable operation of the whole 
semiconductor device. 

Preferably, the semiconductor device further comprises: a 
gate interconnection line formed selectively on the surface 
of the gate, wherein the first main electrode is not formed on 

55 the surface of the gate on which the gate interconnection line 
is formed, and wherein a trench is formed between the first 
main electrode and the gate interconnection line for electri- 
cal isolation therebetween. 

The provision of the surface protective film covering the 

60 trench electrically isolating the first main electrode and the 
gate interconnection line connecting the portions of the gate 
electrode corresponding to the plurality of channels from 
each other prevents shorting of the gate interconnection line 
and the first main electrode if the trench for electrically 

65 isolating the gate interconnection line and the first main 
electrode may be long, increasing the product yield of the 
large-capacitance semiconductor device. 
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Preferably, the semiconductor device further comprises: a 
second semiconductor layer of the second conductivity type 
formed between said second major surface of said first 
semiconductor layer and said second main electrode. 

In the semiconductor device of the present invention, the 
surface protective film is formed only in the peripheral area 
of the device, not in the device area including the channels, 
in an IGBT construction to reduce the amount of hydrogen 
atoms migrating to the silicon-silicon oxide interface in the 
cell area, enhancing the electrical stability of the semicon- 
ductor device of the IGBT construction. 

Preferably, the semiconductor device further comprises: a 
gate interconnection line formed selectively on the surface 
of said gate, wherein said first main electrode is not formed 
on the surface of said gate on which said gate interconnec- 
tion line is formed, and wherein a trench is formed between 
the first main electrode and said gate interconnection line for 
electrical isolation therebetween. 

The provision of the gate interconnection line in the IGBT 
construction stabilizes the gate potential and the cell switch- 
ing operation of the semiconductor device of the IGBT 
construction . 

Preferably, said surface protective film extends from a 
surface of said gate interconnection line through said trench 
to the surface of said first main electrode. 

The provision of the surface protective film covering the 
trench electrically isolating the gate interconnection line and 
the first main electrode from each other in the IGBT con- 
struction prevents shorting of the gate interconnection line 
and the first main electrode, increasing the product yield of 
the semiconductor device of the IGBT construction. 

Preferably, the semiconductor device further comprises: a 
second semiconductor layer of the second conductivity type 
formed between the second major surface of the first semi- 
conductor layer and the second main electrode. 

The plurality of cells in the IGBT construction increases 
the device capacitance. The surface protective film is formed 
only in the peripheral area of the device, not in the device 
area including the channels, to reduce the amount of hydro- 
gen atoms migrating to the silicon-silicon oxide interface in 
the cell area, enhancing the electrical stability of the large - 
capacitance semiconductor device of the IGBT construction. 

Preferably, the semiconductor device further comprises: a 
gate interconnection line formed selectively on the surface 
of the gate, wherein the first main electrode is not formed on 
the surface of the gate on which the gate interconnection line 
is formed, and wherein a trench is formed between the first 
main electrode and the gate interconnection line for electri- 
cal isolation therebetween. 

Since the gate interconnection line is formed to connect 
portions of the gate electrode corresponding to the plurality 
of channels in the IGBT construction, the semiconductor 
device of the present invention provides a stable gate 
potential if the entire length of the gate interconnection line 
may increase. This provides a uniform cell switching opera- 
tion for the large-capacitance semiconductor device of the 
IGBT construction and a stable operation of the whole 
semiconductor device. 

Preferably, the surface protective film extends from a 
surface of the gate interconnection line through the trench to 
the surface of the first main electrode. 

The provision of the surface protective film covering the 
trench electrically isolating the first main electrode and the 
gate interconnection line connecting the portions of the gate 
electrode corresponding to the plurality of channels from 
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each other in the IGBT construction prevents shorting of the 
gate interconnection line and the first main electrode if the 
trench for electrically isolating the gate interconnection line 
and the first main electrode may be long, increasing the 
product yield of the large-capacitance semiconductor device 
of the IGBT construction. 

Preferably, the surface protective film is a semi-insulation 
film having a conductivity ranging from lxlCT 14 to 1x10" 10 
(1/Qcm). 

Preferably, the surface protective film is a semi-insulation 
film having a conductivity ranging from lxl0" a3 to lxlO -11 
(1/Qcm). 

Since the surface protective film is a semi -insulation film, 
an electric field shield effect generated in the surface pro- 
tective film provides a shield against electrical charges such 
as externally deposited impurity ions to prevent the decrease 
in breakdown voltage of the semiconductor device due to 
external contamination, achieving a high breakdown volt- 
age. In addition, the degree of freedom of designing the 
semiconductor device and the product yield of the semicon- 
ductor device are increased. 

Preferably, the surface protective film is a nitride film. 
The surface protective film which is a semi- insulation 
nitride film increases the breakdown voltage characteristic 
and easily controls the resistance of the surface protective 
film in fabrication of the semiconductor device, increasing 
the product yield of the semiconductor device. 

The present invention is also intended for a method of 
fabricating a semiconductor device. According to the present 
invention, the method comprises the steps of: forming a first 
semiconductor layer of a first conductivity type having first 
and second major surfaces on a second semiconductor layer 
of a second conductivity type having first and second major 
surfaces such that the second major surface of the first 
semiconductor layer contacts the first major surface of the 
second semiconductor layer, to form a semiconductor body; 
selectively forming a first semiconductor region of the 
second conductivity type in the first major surface of the first 
semiconductor layer so that the first semiconductor layer is 
exposed in a peripheral portion of the first major surface of 
the first semiconductor layer and the first semiconductor 
layer is exposed in the form of insular regions in a central 
portion of the first major surface of the first semiconductor 
layer; forming a second semiconductor region of the first 
conductivity type in a surface of the first semiconductor 
region, with channel regions provided between the second 
semiconductor region and the insular regions of the first 
semiconductor layer in the surface of the first semiconductor 
region; forming a gate insulating film on a surface of the 
channel regions; forming a gate on the gate insulating film; 
forming an interlayer insulating film on a surface of the gate; 
forming a first main electrode covering a surface of the 
second semiconductor region, with the interlayer insulating 
film therebetween, and electrically connected to the second 
semiconductor region, the first main electrode being formed 
such that an end of the first main electrode extends to a 
boundary between the peripheral portion of the first major 
surface of the first semiconductor layer and the central 
portion thereof; performing radiation for lifetime control; 
performing heat treatment for eliminating distortion; inte- 
grally forming a surface protective film at least over the 
peripheral portion of the first major surface of the first 
semiconductor layer other than the central portion thereof 
after the steps of performing radiation and performing heat 
treatment; and forming a second main electrode on the 
second major surface of the second semiconductor layer. 



In the method according to the present invention, the 
surface protective film is integrally formed at least over the 
peripheral portion of the first major surface of the first 
semiconductor layer other than the central portion of the first 
main electrode after the high-energy radiation for lifetime 
control and the heat treatment for distortion elimination. 
Since the surface protective film is formed after reduction in 
defects at the silicon-silicon oxide interface generated by the 
radiation, the amount of hydrogen atoms migrating to the 
cell area and the bonds of hydrogen atoms to the dangling 
bonds are reduced, whereby an electrically highly reliable 
semiconductor device is readily fabricated. 

According to another aspect of the present invention, a 
method of fabricating a semiconductor device, comprises 
the steps of: forming a first semiconductor layer of a first 
conductivity type having first and second major surfaces on 
a second semiconductor layer of a second conductivity type 
having first and second major surfaces such that the second 
major surface of the first semiconductor layer contacts the 
first major surface of the second semiconductor layer, to 
form a semiconductor body; selectively forming a first 
semiconductor region of the second conductivity type in the 
first major surface of the first semiconductor layer so that the 
first semiconductor layer is exposed in a peripheral portion 
of the first major surface of the first semiconductor layer and 
the first semiconductor layer is exposed in the form of 
insular regions in a central portion of the first major surface 
of the first semiconductor layer; forming a second semicon- 
ductor region of the first conductivity type in a surface of the 
first semiconductor region, with channel regions provided 
between the second semiconductor region and the insular 
regions of the first semiconductor layer in the surface of the 
first semiconductor region; forming a gate insulating film on 
a surface of the channel regions; forming a gate on the gate 
insulating film; forming an interlayer insulating film on a 
surface of the gate; selectively forming a gate interconnec- 
tion line on the surface of the gate; forming a first main 
electrode having a trench electrically insulating the first 
main electrode and the gate interconnection line for covering 
a surface of the second semiconductor region, with the 
interlayer insulating film therebetween, and electrically con- 
nected to the second semiconductor region, the first main 
electrode being formed such that an end of the first main 
electrode extends to a boundary between the peripheral 
portion of the first major surface of the first semiconductor 
layer and the central portion thereof; performing radiation 
for lifetime control; performing heat treatment for eliminat- 
ing distortion; integrally forming a surface protective film 
over the entire top surface except a part of a surface of the 
first main electrode and a part of a surface of the gate 
interconnection line; and forming a second main electrode 
on the second major surface of the second semiconductor 
layer. 

In this method according to the present invention, the 
surface protective film is integrally formed over the surface 
of the first main electrode except the part of the first main 
electrode and the part of the gate interconnection line after 
the high-energy radiation for lifetime control and the heat 
treatment for distortion elimination. Since the surface pro- 
tective film is formed after reduction in defects at the 
silicon-silicon oxide interface generated by the radiation, the 
bonds of hydrogen atoms to the dangling bonds are reduced, 
with the conventional structure, whereby an electrically 
highly reliable semiconductor device is readily fabricated. 

According to still another aspect of the present invention, 
a method of fabricating a semiconductor device, comprises 
the steps of: forming a first semiconductor layer of a first 
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conductivity type having first and second major surfaces on 
a second semiconductor layer of a second conductivity type 
having first and second major surfaces such that the second 
major surface of the first semiconductor layer contacts the 

5 first major surface of the second semiconductor layer, to 
form a semiconductor body; selectively forming a first 
semiconductor region of the second conductivity type in the 
first major surface of the first semiconductor layer so that the 
first semiconductor layer is exposed in a peripheral portion 

10 of the first major surface of the first semiconductor layer and 
the first semiconductor layer is exposed in the form of 
insular regions in a central portion of the first major surface 
of the first semiconductor layer; forming a second semicon- 
ductor region of the first conductivity type in a surface of the 

15 first semiconductor region, with channel regions provided 
between the second semiconductor region and the insular 
regions of the first semiconductor layer in the surface of the 
first semiconductor region; forming a gate insulating film on 
a surface of the channel regions; forming a gate on the gate 

20 insulating film; forming an interlayer insulating film on a 
surface of the gate; selectively forming a gate interconnec- 
tion line on the surface of the gate; forming a first main 
electrode having a trench electrically insulating the first 
main electrode and the gate interconnection line for covering 

25 a surface of the second semiconductor region, with the 
interlayer insulating film therebetween, and electrically con- 
nected to the second semiconductor region, the first main 
electrode being formed such that an end of the first main 
electrode extends to a boundary between the peripheral 

30 portion of the first major surface of the first semiconductor 
layer and the central portion thereof; performing radiation 
for lifetime control; performing heat treatment for eliminat- 
ing distortion; integrally forming a surface protective film at 
least over the peripheral portion of the first major surface of 

35 the first semiconductor layer and extending from a surface of 
the gate interconnection line through the trench to a surface 
of the first main electrode after the steps of performing 
radiation and performing heat treatment; and forming a 
second main electrode on the second major surface of the 

40 second semiconductor layer. 

In this method according to the present invention, the 
surface protective film is integrally formed over the periph- 
eral portion of the first main electrode and extending from 
the surface of the gate interconnection line through the 

45 trench to the surface of the first main electrode after the 
high-energy radiation for lifetime control and the heat treat- 
ment for distortion elimination. Since the surface protective 
film is formed after reduction in defects at the silicon -silicon 
oxide interface generated by the radiation, the amount of 

50 hydrogen atoms migrating to the cell area and the bonds of 
hydrogen atoms to the dangling bonds are reduced, whereby 
an electrically highly reliable semiconductor device is 
readily fabricated. 

It is an object of the present invention to provide a 
55 semiconductor device having an MOS gate for reducing 
variations in threshold voltage V f/l with time to stabilize 
electrical characteristics thereof, and a method of fabricating 
the same. 

These and other objects, features, aspects and advantages 
60 of the present invention will become more apparent from the 
following detailed description of the present invention when 
taken in conjunction with the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

65 FIG. 1 is a fragmentary plan view of a power IGBT 
according to a first preferred embodiment of the present 
invention; 
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FIG. 2 is a fragmentary cross-sectional view taken along 
the line II— II of FIG. 1; 

FIG. 3 is a fragmentary plan view taken along the line 
III — III of FIG. 2 at the surface of a semiconductor body; 

FIG. 4 is a fragmentary plan view illustrating a plan 
configuration of a gate electrode of FIG. 1; 

FIG. 5 is a flow chart of fabrication process of the 
semiconductor device according to the present invention; 

FIGS. 6 to 12 are cross-sectional views illustrating the 
fabrication process of the semiconductor device according to 
the present invention; 

FIG. 13 is a cross-sectional view of a test piece for use in 
a C-V test; 

FIG. 14 is a graph illustrating AV F5 (normalization value) 
for the C-V test; 

FIG. 15 is a graph illustrating a breakdown voltage 
characteristic yield of the semiconductor device according to 
the presenl invention; 

FIG. 16 is a fragmentary plan view of the semiconductor 
device according to a second preferred embodiment of the 
present invention; 

FIG. 17 is a fragmentary cross-sectional view taken along 
the line XVII — XVII of FIG. 16; 

FIG. 18 is a graph for comparison between a threshold 
voltage V th variation percentage of the present invention and 
a threshold voltage V rh variation percentage of the back- 
ground art; 

FIG. 19 is a fragmentary plan view of a conventional 
semiconductor device; 

FIG. 20 is a cross-sectional view taken along the line 
XX— XX of FIG. 19; 

FIG. 21 is a flow chart of fabrication process of the 
conventional semiconductor device; and 

FIG. 22 is a graph of an HTGB test result for the 
conventional semiconductor device. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 
First Preferred Embodiment 

FIG. 1 is a fragmentary plan view of a power IGBT 
according to a first preferred embodiment of the present 
invention. FIG. 2 is a fragmentary cross-sectional view 
taken along the line II — II of FIG. 1. FIG. 3 is a fragmentary 
plan view taken along the line III — III of FIG. 2 at the 
surface of a semiconductor body. FIG. 4 is a fragmentary 
plan view illustrating a plan configuration of a gate electrode 
shown in FIG. 1. In the fragmentary plan view of the gate 
electrode in FIG. 4, only the gate electrode and portions 
formed simultaneously with the gate electrode are illustrated 
and other portions are not illustrated. 

In FIGS. 1 and 2, the reference numeral 1 designates a P* 
substrate serving as a second semiconductor layer; 2 desig- 
nates an N + layer; 3 designates an N~ layer. The N + layer 2 
and the N" layer 3 form a first semiconductor layer. The 
reference numeral 4 designates a semiconductor body com- 
prised of the P* substrate 1, the N + layer and the N" layer 3; 
5 designates a P + base layer serving as a first semiconductor 
region; 6 designates an N + emitter layer serving as a second 
semiconductor region; 7 designates a gate insulating film of 
silicon oxide; 8 designates a gate electrode of polysilicon 
serving as a gate; 9 designates a gate interconnection line of 
Al; 10 designates an emitter electrode of Al serving as a first 
main electrode; 11 designates guard rings which are P" 4 " 
diffusion regions; 12 designates a passivation film of PSG 
serving as an interlayer insulating film for isolation between 



10 

the gate electrode 8 and the emitter electrode 10; 14 desig- 
nates a surface protective film which is a semi-insulation 
film of silicon nitride for covering a peripheral area surface 
of the IGBT; 15 designates a channel stopper; 16 designates 

5 a silicon oxide film; 17 designates a polysilicon film; 18 
designates a passivation film; and 19 designates a collector 
electrode serving as a second main electrode. 

Referring to FIG. 3, the N" layer 3 is exposed in the form 
of insular regions on the surface of a central portion of the 

10 device, and the P + base layer 5 covers the surface except the 
insular regions of the N~ layer 3. The N + emitter layer 6 is 
formed in the P* base layer 5, with narrow portions of the P* 4 " 
base layer 5 sandwiched between the N* emitter layer 6 and 
the insular regions of the N~ layer 3. The narrow portions of 

15 the P" 1 " base layer 5 between the insular regions of the N~ 
layer 3 and the N + emitter layer 6 serve as channel regions. 
The gate insulating film 7 on the surface of the channel 
region is formed integrally over the plurality of channel 
regions. The integral gate electrode 8 of substantially the 

20 same configuration as the gate insulating film 7 is formed on 
the surface of the integral gate insulating film 7, as shown in 
FIG. 4. 

As the number of channels opposed to the gate electrode 
8 increases, gate potentials opposed to the respective chan- 

25 nels are not necessarily uniform in the gate electrode 8. To 
provide uniform gate potentials, the gate interconnection 
line 9 of aluminum is provided to connect the portions of the 
gate electrode 8 opposed to the respective channels (FIGS. 
1 and 2). The gate interconnection line 9 extends to the 

30 center of the device and is connected to a gate bonding pad 
(not shown) in the center of the device. Connection lines to 
the exterior are bonded to the gate bonding pad. An area in 
which the gate interconnection line 9 and the bonding pad 
are provided is a gate wiring area 32. 

35 The emitter electrode 10 is formed on the surface of the 
gate electrode 8 except the portion where the gate intercon- 
nection line 9 is formed, with the passivation film 12 formed 
therebetween. The emitter electrode 10 short-circuits the P* 
base layer 5 and the N"" emitter layer 6 on the surface of the 

40 semiconductor body 4 and is electrically isolated from the 
gate interconnection line 9 by a trench. An area in which the 
emitter electrode 10 is formed is a cell area 31 (FIGS. 1 and 
2)- 

The N layer 3 is exposed in a peripheral portion sur- 

45 rounding the surface of the semiconductor body 4. The 
peripheral portion generally corresponds to a device periph- 
eral area 30 on the surface of the semiconductor body 4 other 
than the gate wiring area 32 and the cell area 31. 

The plurality of annular guard rings 11 are formed in the 

50 N~ layer 3 in the peripheral portion to surround the outer 
periphery of the cell area 31. The channel stopper 15 which 
is an N* diffusion region is formed on the outermost edge of 
the N" layer 3 in the peripheral portion to surround the guard 
rings 11. The inner periphery of the channel stopper 15 is 

55 adapted such that the channel stopper 15 are generally 
equally spaced from the outermost guard ring 11 over the 
entire circumference. The surface protective film 14 which 
is a semi-insulation film of silicon nitride directly covers the 
surface of the channel stopper 15, and covers the surfaces of 

60 the N~ layer 3 in the peripheral portion and the outer 
peripheral portion of the P + base layer 5, with the silicon 
oxide film 16 and passivation film 18 formed therebetween. 
The surface protective film 14 is integrally formed such that 
an inner peripheral end thereof overlapping and covering the 

65 outer peripheral portion of the emitter electrode 10 and an 
outer peripheral end thereof extends to the outer end of the 
channel stopper 15 to prevent the surface of the passivation 
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film 18 from being exposed. An area in which the surface 
protective film 14 is formed is the device peripheral area 30. 

An MOSFET is similar in construction to the IGBT 
except that the MOSFET does not include the P + substrate 

1 of the IGBT. That is, the MOSFET is constructed such that 
the P + substrate 1 of the IGBT is removed and the N + layer 

2 of the IGBT is replaced with an N + substrate on which a 
drain electrode is formed. 

A method of fabricating a semiconductor device will now 
be described hereinafter. 

FIG. 5 is a flow chart of the fabrication process of an 
IGBT as an example of the semiconductor device of the 
present invention. FIGS. 6 to 12 are cross -sectional views 
illustrating the fabrication process of the IGBT. 

Referring to FIG. 5 and FIGS. 6 to 12, the N + layer 2 and 
the N~ layer 3 are formed on the P + substrate 1 in this order 
by the epitaxial growth technique to form the semiconductor 
body 4 (FIG. 6). When the N + layer 2 and the N~ layer 3 are 
thicker than the P" 4 " substrate l,aP + layer may be formed on 
an N substrate by the epitaxial growth technique. Otherwise, 
a P + layer and an N layer joined together may be formed on : 
a P or N substrate by diffusion. 

The silicon oxide film 16 is formed on the surface of the 
semiconductor body 4 and is then etched by 
photolithography, and the P wells and the P + base layer 5 are 
formed by diffusion (FIG. 7). 

The oxide film 16 is then etched, if necessary, after 
photolithography process, and the gate insulating film 7 of 
silicon oxide is formed by thermal oxidation. The gate 
electrode 8 of polysilicon is formed on the surface of the 
gate insulating film 7 after photolithography process (FIG. 
8). 

Photolithography process and thermal diffusion process 
are performed to form the N + emitter layer 6 in the P" 1 " base 
region 5 and the channel stopper 15 in the peripheral portion 
surface of the N~ layer 3 (FIG. 9). 

The passivation films 15 and 18 of PSG are formed on the 
top surface, and electrode contact portions are etched (FIG. 
10). 

The gate interconnection line 9 and the emitter electrode 
10 are formed by Al — Si sputtering (FIG. 11). 

For the IGBT, radiation for lifetime control and heat 
treatment for elimination of distortion generated in portions 
subjected to the radiation are performed, and the surface 
protective film 14 is formed on the device top surface. The 
order of the process steps is the feature of the method of 
fabricating the IGBT according to the present invention. 

Specifically, according to the present invention, the radia- 
tion for lifetime control is performed first. Then the heat 
treatment is performed to eliminate the distortion generated 
in the portions subjected to the radiation. Finally, the surface 
protective film 14 is formed on the top surface of the device. 

The heat treatment for distortion elimination is 
performed, for example, at a temperature of about 300 to 
400° C. The final P-CVD process in an atmosphere of a 
mixed silane -ammonia gas is performed at a temperature 
slightly lower than the heat treatment temperature for dis- 
tortion elimination. The film may be formed at a temperature 
of about 300° C. with the current state of the art. 

To form the surface protective film 14, a semi-insulation 
silicon nitride film is formed over the device surface by the 
P-CVD process, and a mask is formed by photolithography, 
and then plasma etching is performed in an atmosphere of 
CF 4 and 0 2 to remove the silicon nitride film in the cell area 
31 centrally of the device and in the gate wiring area 32 is 
removed, with the silicon nitride film left only in the device 
peripheral area 30. This completes the fabrication process 
(FIG, 12). 
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In the above described method, the radiation for lifetime 
control, the heat treatment for distortion elimination, and the 
step of leaving the silicon nitride film only in the device 
peripheral area 30 by the P-CVD process are carried out in 
this order. Only the arrangement in which the silicon nitride 
film is left only in the device peripheral area 30 can 
considerably reduce the variations in threshold voltage V r/l . 
Thus, the above -described process may be replaced with a 
process of forming the electrode by Al — Si sputtering (FIG. 
11), forming the semi-insulation silicon nitride film only in 
the device peripheral area 30 by the P-CVD process, per- 
forming the radiation for lifetime control, and then perform- 
ing the heat treatment for distortion elimination. 

Such a method can provide an electrically highly stable 
IGBT with a satisfactory breakdown voltage characteristic 
by using a conventional fabrication line without a new 
fabrication line. 

A method of fabricating an MOSFET is similar to the 
method of fabricating the IGBT except that the radiation for 
lifetime control and the heat treatment for distortion elimi- 
nation are not performed. 

Operation will be described below. 

The above stated IGBT according to the present invention 
includes the semi -insulation silicon nitride film formed by 
the P-CVD process only in the device peripheral area 30 
other than the gate wiring area 32 and cell area 31. Hydrogen 
atoms to be bonded to dangling bonds at the silicon -silicon 
oxide interface are contained only in the silicon nitride film 
in the device peripheral area 30. The hydrogen atoms, if 
moved, migrate to the silicon -silicon oxide interface under 
the surface protective film 14, and fewer hydrogen atoms 
migrate up to the cell area 31. This decreases the number of 
hydrogen atoms bonded to the dangling bonds at the silicon - 
silicon oxide interface in the channel regions under the gate 
electrode 8 in the cell area 31 and, accordingly, reduces the 
number of Si — H chemical bonds generated at the silicon- 
silicon oxide interface, to prevent an unstable interface state. 
Therefore, the phenomenon in which the threshold voltage 
W th varies over a long time period and requires long time to 
be saturated is difficult to occur. 

Operation of the MOSFET is similar to that of the IGBT 
when the silicon nitride film is formed only in the device 
peripheral area 30. 

For the IGBT, the radiation for lifetime control and the 
heat treatment for distortion elimination are essential. If the 
formation of the silicon nitride film by the P-CVD process 
after the two process steps increases the number of defects 
at the silicon-silicon oxide interface due to the radiation to 
increase the dangling bonds, the subsequent heat treatment 
reduces the number of defects at the silicon -silicon oxide 
interface to reduce the number of dangling bonds and, 
accordingly, the number of Si — H chemical bonds generated 
at the silicon-silicon oxide interface, preventing the unstable 
interface state. The influence of the radiation is eliminated, 
; and the acceleration of the W th variations due to the radiation 
is difficult to occur. 

The use of the semi- insulation silicon nitride film as the 
surface protective film 14 causes a slight current to flow 
between the emitter and channel stopper to produce an 
electric field shield effect in the device peripheral area 30. 
This provides a shield against external impurity ions, to 
improve the breakdown voltage characteristic of the device. 
For example, an IGBT having a breakdown voltage as high 
as 1700 V requires the electric field shield effect using the 
semi-insulation silicon nitride film. 

To simply examine the evaluation of the V th variations for 
an MIS structure (metal insulator semiconductor structure) 
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as the premise of the present invention, a C-V test 
(capacitance -volt age test) was performed under various con- 
ditions. 

FIG. 13 is a cross-sectional view of a test piece used for 
the C-V test. 

In FIG. 13, the reference numeral 40 designates a surface 
protective film; 41 designates an aluminum electrode; 42 
designates a thermal oxidation film; 43 designates an N-type 
silicon layer; and 44 designates a capacitance measuring 
device. 

The C-V test employs the test piece as above described for 
measuring a voltage and capacitance between the aluminum 
electrode 41 and the N-type silicon layer 43, with the voltage 
varied, to determine a flat-band voltage V^ between the 
thermal oxidation film 42 and the N-type silicon layer 43. 
There is a correlation between the flat-band voltage W FS and 15 
the threshold voltage V fA . The value of variation AV^ of the 
flat-band voltage V FB is determined under various condi- 
tions such as the presence/absence of the surface protective 
film 40 of the test piece and processing conditions. On the 
basis of the value AVp^ is evaluated and examined the value 20 
of variation AV r/l of the threshold voltage V r/l of the surface 
protective film 14 of a device having an MOS gate. 

As the test piece for the C-V test was used a (100) crystal 
plane oriented N-type silicon on which was formed a silicon 
thermal oxidation film of about 1000 A in thickness, with 25 
aluminum sputtered on the surface thereof for use as an 
electrode. After the aluminum electrode 41 was formed, the 
surface protective film 40 was formed. A P-CVD nitride film 
containing a large amount of hydrogen atoms and an 
LP-CVD oxide film containing a small amount of hydrogen 3Q 
atoms were selected as the surface protective film 40. For 
hydrogen sintering, heat treatment was performed in a 
high-temperature furnace in an atmosphere of hydrogen at a 
temperature of 400° C. for 30 minutes. The radiation is an 
electron beam irradiation which is a conventional IGBT 
carrier lifetime control process, followed by heat treatment 
for distortion elimination. 

TABLE 1 
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Table 1 illustrates the conditions and results of the C-V 
test. 

Additional explanation of Table 1 will be described 
below. 

(1) To determine the value of variation AV rA , the flat-band 
voltage Vp^ was first determined, and then the test 
piece was held at 150° C, and a 30 V d.c. bias voltage 
was applied for 5 minutes, with the aluminum electrode 
41 being negative. The flat-band voltage V^ was 
measured again to calculate the difference AV^ 
between the first and second V^ measurements. 

(2) The LP-CVD oxide film in spec. B was a PSG film 
formed by the LP-CVD process. 

(3) The P-CVD nitride film in spec. C was a semi- 
insulation film containing a large amount of silicon. 
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(4) The radiation and heat treatment were performed after 
the protective film was formed in specs. E and F. 

(5) The radiation and heat treatment were performed after 
the hydrogen sintering in spec. G. 

(6) No protective film was formed in spec. H. 

(7) AVpjy (normalization value) was a ratio of AV^ in 
each spec, to AV^g in spec. F. 

FIG. 14 is a graph illustrating AV f5 (normalization value) 
for the C-V test of Table 1. 

Referring to FIG. 14, AV^ (normalization value) is low 
in specs. A, B and E with few hydrogen atoms and is high 
in specs. C and D with a large amount of hydrogen atoms. 
The radiation after the formation of the protective film 
further increases AV^ (normalization value). It will be 
apparent from the graph of FIG. 14 that: 

(1) Vp^ is varied by introduction of hydrogen atoms into 
the MIS structure (specs. C and D), 

(2) W rB is varied more widely by the radiation in addition 
to the introduction of hydrogen atoms (specs. F and G), 

(3) Vp^ is not varied by the radiation only (spec. E), and 

(4) V rB is not varied by the introduction of hydrogen 
atoms after the radiation and the heat treatment (spec. 
H). 

Therefore, it will be understood that: 

(i) it is necessary to prevent hydrogen atoms from enter- 
ing the cell area 31 having the channels in the MIS 
structure or the device having the MOS gate, 

(ii) it is also necessary to prevent hydrogen atoms from 
entering the cell area 31, particularly in the IGBT 
performing lifetime control, and 

(iii) the introduction of hydrogen atoms after the radiation 
and heat treatment exerts no influence on the V^s 
variations in the IGBT performing lifetime control. An 
electrically highly stable IGBT with a satisfactory 
breakdown voltage characteristic is accomplished by 
the provision of the surface protective film 14 which is 
the semi-insulation silicon nitride film formed by the 
P-CVD process only in the device peripheral area 30 
like the first preferred embodiment and by the process 
steps of performing radiation for lifetime control, per- 
forming heat treatment for distortion elimination, and 
then forming the surface protective film 14 on the 
device top surface. 

An electrically highly stable MOSFET with a satisfactory 
breakdown voltage characteristic is accomplished by the 
provision of the surface protective film 14 which is the 
semi-insulation silicon nitride film formed by the P-CVD 
process only in the device peripheral area 30 other than the 
gate wiring area 32 and the cell area 31. 

FIG. 15 is a graph illustrating a breakdown voltage 
characteristic yield of the structure of the first preferred 
embodiment. 

Referring to FIG. 15, the guard ring structure A includes 
eight guard rings 11 surrounding the outer periphery of the 
cell area 31, and the guard ring structure B includes ten 
guard rings 11 such that a distance between the outermost 
guard ring 11 and the channel stopper 15 is 1.3 times the 
distance therebetween of the guard ring structure A. 

It will be appreciated from the graph of FIG. 15 that there 
is a difference in breakdown voltage characteristic yield 
between the guard ring structure A and the guard ring 
structure B when the conductivity of the surface protective 
film 14 is less than lxl0~ 13 /£2cm, but there is no difference 
in breakdown voltage characteristic yield therebetween with 
the increasing breakdown voltage characteristic yield when 



